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INTRODUCTION 

National Aeronautics and Space Adm~nistration research grant NGR 

NGR 34-002-108 was awarded to North Carolina State University for the 

development of materials for use in solid propellant rocket nozzles. 

The materials to be developed are to be resistant to both mechanical 

and chemical erosion as well as resistant to thermal shock. The 

materials should have the ability to provide the above properties 

particularly in the rocket nozzle throat area where the environmenr 

is most hostile. 

T~-, i i i ; s  investigation proposed to develop a composite of refractory 

metals and/or graphite with a ceramic base. By the formulation of 

such a composite it is felt that the best properties of each type of 

material used will be imparted to the compos'ite so that it will have 

the mechanical and chemical erosion as well as the thermal shock 

properties required for solid propellant rocket motor nozzles, 

The first quarter of the research period was used for necessary 

preliminary work such as selection, acquisition, design, construction, 

installation of equipment; continuation of the literature survey; and 

the formulation of tests. This work is described in the First Quarterly 

Progress Report. 

The second quarter of the research period has been devoted to the 

development of a hot pressing technique for composites of refractory 

metal carbides with graphite, and/or refractory metals, Zirconium 

carblde and hafnium carbide are the bases wlth graphite and/or 

tungsten used as additions. Techniques were developed so that acceptable 

densities of the various composites could be acquired. 



DEVELOPMENT OF HOT PRESSING TECHNIQUE 

General  Cornments 

Hot p r e s s i n g  t e c h n i q u e s  f o r  composites o f  zirconium c a r b l d e  o r  

hafnium c a r b i d e  w i t h  g r a p h i t e  and /or  t u n g s t e n  - 3% rhenium a l l o y  were 

developed d u r i n g  t h e  second q u a r t e r  o f  t h e  r e s e a r c h  p e r l o d .  The 

m a t e r i a l s  l i s t e d  below were f a b r i c a t e d :  

1. Z r C  

2 .  ZrC-Graphite 

3 .  ZrC-W 

ZrC-Graphite-W 

5% HfC 

6 .  HfC-Graphite 

7 .  WfC-W 

8 .  HfC- Graphite-1V 

Graph l te  was v a r l e d  from 0 t o  35 .5  a tomlc p e r c e n t  i n  t h e  ZrC-Graphite 

conlposites and from 0 t o  25 a tomic p e r c e n t  I n  t h e  HfC-Graphlte composi tes  

Tungsten a d d i t i o n s  were 10 weight p e r c e n t  o f  t h e  composite. 

A l l  specimens were h o t  p r e s s e d  i n  1 /2  i n c h  Poco HPD-1 grade g r a p h i t e  

d i e s  w i t h  a d i e  p r e s s u r e  o f  10,000 pounds p e r  s q u a r e  i n c h .  Tantalum 

d i e  ram end s h i e l d s  h e r e  employed t o  r e t a r d  s t i c k l n g  between t h e  d i e  

ram and t h e  sample ,  Temperatures up t o  2400°C were o b t a i n e d  by 

i n d u c t i o n  h e a t i n g .  Temperature measurements were made by o p t i c a l  

pyrometry .  

Hot p r e s s r n g  t e c h n i q u e  e v a l u a t ~ o n  was made on t h e  b a s i s  of d e n s i t y  

measurements and mlcrohardness  measurements,  (These p r o p e r t i e s  a r e  

noz n e c e s s a r i l y  t o  be  considered a s  a b a s l s  f o r  selection o f  materials 

f o r  application. They a r e ,  holvever, t o  be  used I n  f u t u r e  ~ n v e s t i g a t i o n s  



:o - >  cc~rrelate the appllcablllty of materials to thezs physlcal 

propertres and method of fabrlcation.) Denslty measurements were made 

In accordance wlth ASTM Designation B311-58 entltled "Standard Method 

of Test for Denlsty of Cemen~ed Carbldes.Is Mlcrohavdness measurements 

were made with a Knoop mlcrohardness tester uslng a 100 gram load 

Raw materials were -325 mesh reactor grade hafnlum carblde and 

zireonlum carblde supplied by Wah Chang, -325 mesh powder graphite 

supplied by Poco Graphite, and 0.005 Inch dlameter tungsten -3% rhenlum 

wlre supplled by General Electric. Certified chemlcal analysis of the 

hafnlum carblde and zlrconrum carblde are llsted In Tables 1 and 2. 

En general, the major metalllc lmpuritles are nlobium and tantalum. 

Nrtrogen and oxygen are the major non-metalllc lmpurltles. An excess 

of 580 parts per mllllon free carbon 1s reported for zirconium carblde 

and a slmllar level 1s expected but not reported for the hafnlum carbide. 

A certlfled chemical analysls of the graphite used was not glven 

but Poco lndlcated the graphlte to have only 5 parts per mllllon 

~mpurrties. No analysls was glven by General Electric for their tungsten 

-3% rhenlum alloy lamp fllament wlre used in thls lnvestlgation. 

Durlng hot presslng an extensiometer was employed to measure die 

displacements. Classical denslficatlon would show a relatively rapid 

and nonlinear contractlon of the hot pressed speclmen untll a certarn 

density whlch 1s controlled by flring temperature and die pressure was 

obtained, At this polnt, the displacement us time curve would be 

expected to level and show llttle or no subsequent contractlon. T h ~ s  

appxoach was used to determine the maxlmum densities ~hlch could he 

obtarned for each glven composltlon wlth respect to firrng tlmes and 

temperatures. As wlll be discussed later rt was found In most cases 



~ l i a  L ,i r a givcn  d r e  p r e s s u r e  f l r l n p ;  t e m p e r a t u r e ,  ancl compos l t lon ,  

derlrl ty d l d  n o t  vary  apprecl  a b l y  as  a f u n c t  lo12 of f l r l n g  t lme a f t e r  

s u f f l c i e r ~ t  time had e l a p s e d  f o r  t h e  d l sp lacement  v s  tline curve  t o  l e v e l .  

Z r C  and Z r C  Based Composites 

Zlrconlum c a r b l d e  and composites of Z r C ,  graphite. and t u n g s t e n  

were hot  p r e s s e d  under  p r e s s u r e s  of 10,000 pounds p e r  s q u a r e  l n c h  i n  

t h e  t empera tu re  range of 1950-2375°C. Densities were o b t a l n e d  from 

a p p r o x ~ m a t e l y  87-97 p e r c e n t  o f  theoretical d e n s l t y .  Because of t h e  

t echnrque  d e s c r i b e d  above a l l  d e n s l t l e s  can be  r e l a t e d  t o  composition 

2-d f- ng t e m p e r a t u r e .  

L n l t l a l l y  5  gram samples o f  100% Z r C  were ho t  p r e s s e d .  F l g u r e  5 

shows a  p l o t  o f  d e n s l t y  vs  f l r l n g  t e m p e r a t u r e .  I n  a l l  c a s e s  t h e  

sarnpies were f l r e d  u n t i l  t h e  d i e  d l sp lacement  v s  f i r i n g  time c u r v e s  

l e v e l e d  o f f .  The d e n s l t l e s  range from 6 10 grams p e r  cub lc  centimeter 

a t  1950°C t o  6 , 5 0  grams p e r  c u b i c  c e n t m e t e r  a t  2250°G. A t  a t empera tu re  

o f  2150°C s e v e r a l  samples \tiere h o t  p r e s s e d  f o r  t lmes  o f  30 mlnutes  t o  

1 . 5  h o u r s .  The d e n s l t l e s  o b t a l n e d  v a r i e d  from 6.22 t o  6 . 2 7 .  F l g u r e  6 

shows t h e  d i e  d lsplacement  v s  f l r l n ~  t lme curves  f o r  two samples 

f l r e d  f o r  30 n l n u t e s  and one s s q p l e  f r r e d  f o r  1 . 5  hovrs .  I t  may b e  

n o t e d  t h a t  30 nunutes  1s j u s t  beyond t h e  knee of t h e  curve  whl le  1 . 5  

h o u r s  i s  w e l l  p a s t  t h e  knee o f  t h e  c u r v e .  I t  may b e  n o t e d ,  however, 

t h a t  t h e  die dlsplncements  remain essentially t h e  same. Th ls  b e h a v i o r  

t e n d s  t o  s u b s t a n t i a t e  p a s t  exper ience  and a l lows t h e  u s e  o f  t h e  

Leclii~ryue f o r  de te rmrna t lon  o f  necessa ry  f i r r n g  t lnles f o r  maxirnurn 

d e r i s r t l e s  a t  s p e c l f l c  f l r l n g  t empera tu res  of o t h e r  c o n ~ p o s i t r o n s .  

The bl r lary  phase  dlagram o f  carbon and zrrconlum shown l n  F lgure  4 

shows a e u t e c t l c  composl t lon of ZrC qnd carbon 3t 71.2  a tomlc p e r c e n t  



r + l b ~ d e  and 2 8 , 8  aLomlc p e r c e n t  c a ~ b o n .  L L  i s  f e l t  t h a t  

f i 1  i composi t ion wel l  r e p r e s e n t a n  Lipper Lemlt of carbon composl"con 

f o r  t h e  composstes t o  be  deve loped ,  For ho t  p r e s s s n g  t echn lque  

e v a l u a r r o n ,  however, composl t lon with carbon above and beloci t h l s  com- 

position were h o t  p r e s s e d  r n  t h e  v a c r n i t y  of 2150°F. The e u t e c t l c  

composl t lon a t  t h l s  t empera tu re  y l e l d e d  a  d e n s l t y  o f  6 .35  grams p e r  

c u b ~ c  c e n t l m e t e r .  The 85 .6  a tomlc p e r c e n t  ZrC-14,4 a tomlc p e r c e n t  C 

composition y l e l d e d  6 .38  grams p e r  c u b l c  c e n t l m e t e r  and t h e  64 .5  a tomlc 

p e r c e n t  ZrC-35,s a t c l i i ~ ~ c  p e r c e n t  C ~ o m p u s r t r o n  y l e l d e d  a d e n s l l y  o f  6 .25  

gZaf'ii3 p.:r ee;brc ~ e n t l m e t e r ,  A i  i ti-i :c: d, ~ l s l  t l e s  repfesert i  approximately 

G L  , _, - i i e r c e n t  o f  t h e o r e t i c a l  denszty- fos  tach c o m p o s l r r ~ n ,  

D e r ~ s l t i e s  of 6 .75  grams p e r  cubrc  c c n t l m e t e r  were ob ta lned  from 

cornoosizes o f  90 welght p e r c e n t  Z r C  and 10 welght p e r c e n t  t u n g s t e n  

wl re  h o t  p r e s s e d  a t  2 2 0 0 ' ~ .  Tbrs  c o m p o s ~ t l o n  1s d r s c u s s e d  I n  d e e a l l  

rn a l a t e r  s e c t l o n  of t h l s  r e p o r t ,  

Ternary composltes o f  Z r C ,  C ,  and W a r e  t h e  composltes o f  i n t e r e s t  

t o  t h l s  r n v e s t i g a t l o n .  For h o t  p r e s i l n g  t echn lque  on ly  composl tes  o f  

e u t e c t l c  Z r C  and carbon w l t h  10 welght percenr. t u n g s t e n  were fabricated. 

D e n s i t i e s  ranged from 6 .65  t o  6 - 7 5  r n  t h e  f ~ r l n g  t empera tu re  range o f  

2150 t o  2250°C Determlnat lon o f  p e r c e n t  of theoretical d e n s i t y  was 

n o t  a t t empted  because  o f  l o s s  o f  a  smal l  amount o f  Z r C  and C powder 

duclng Joadlng and oertgasslng t h e  sample and t h e  d r e  The d e n s l t r e s  

a r e ,  however, b e l i e v e d  t o  be In t h e  range of 94-97  pe rcen t  o f  

t h e o r e t r c a l  d e n s r t y  . 

Thin g e n e r a l  appearance o f  all a l rcon i r~m carbl i le  anci zirconium 

~ a i b l d e  based  coinposlres samples llras a c c e p t a b l e  I s o l a t e d  c a s e s  o f  

~ziiiina.%ron ~ 1 * a ~ I < i n g  WBS observed but  no c o r r e l t l t ~  on could  be made 



s I - -  ~ r s c k r n g  and t h e  hor. y ressang  pdramcte rs  o f  composltron,  

f j r i r l p  t e i ~ i p t u h t u r e ,  o r  f r r r n g  r lme. No cracking was observed I n  t h e  

v a c r n i t y  of t h e  t u n g s t e n  w l r e s  and t h e  m a t r l x  ~ n t e r f a i e s ,  A r e a c t l o n  

zone beeween t h e  m a t r l x  and t h e  r e a c t l o n  zone was d e t e c t e d  and t h l s  1s 

ehe s u b j e c t  o f  a  l a t e r  s e c t l o n  o f  t h l s  r e p o l t .  

Table  3 l s s t s  t h e  composl t lons ,  f l r l n g  t e m p e r a t u r e s ,  f l r l n g  t i m e s ,  

d e n s i t l e s ,  and p e r c e n t a g e  o f  theoretical d e n s l t y  o f  t h e  v a r l o u s  groups 

of materials which were f a b r r c a t e d  The l n f o r m a t l o n  o b t a l n e d  from 

t h e  above {iork wi 14 b e  ~ l s e d  i n  t h e  nex t  two y u a r r e r s  o f   he r e s e a r c l ~  

p e r ~ o d  to p ; z d ~ ~ c t  samples f o r  o x i d a t i o n  and the rmal  -hock t e s c l n g .  

Z a r b c n  v r i l  b e  increased r n  5 aromic p e r c e n t  l n ~ r e m e n t s  from 0 t o  25 

a tomlc p e r c e n t  i n  composl t lons  wl th  no t u n g s t e n  and samples wl th  10 

w e ~ g h t  p e r c e n t  t u n g s t e n ,  Dupl lca t rons  o f  each composl t lon ~1.11 b e  

produced wl th  h l g h  and low d e n s l t r e s .  The most s a r l s f a c t o r y  composl t lons  

~ ~ I I L  consequen t ly  be  s e l e c t e d  f o r  f u r t h e r  t e s t l n g  a s  a  m a t e r i a l  f o r  

a p p l l c a l l o n .  

HfC and HfC Based Composites 

Samples o f  100% HfC were p r e s s e d  i n  t h e  v a c l n l t y  o f  2150°C and 

densities of 11 .68  grams p e r  c u b ~ c  centimeters on 92 p e r c e n t  o f  

t h e o r e t i c a l  d e n s l t y .  Subsequent ly  samples of 25 a tomlc p e r c e n t  C and 

75 p e r c e n t  hafnlum c a r b l d e  and samples o f  95 weight p e r c e n t  

hafnium c a r b r d e  and 5 welght p e r c e n t  t u n g s t e n  were h o t  p r e s s e d .  

Ther r  d e n s ~ t l e s  and h o t  processing p a r a m e t e r i s  a r e  l l s t e d  I n  Table  4 .  

I n  g e n e r a l ,  d e n s ~ f l c a t i o n  was a c c e p t a b l e ,  F l ~ ~ n g  t ~ m e  was d e t e r m ~ n e d  

by observaz l~on  oi- rlze d l e  dlspidcemen"c?is f r r r n g  rlnle c u r v e s  a s  was 

discussed p r e v r o u s l y  



- ~ i v p q ; i t e s  o f  25 a tomic p e r c e n t  C and 75 a tomic p e r c e n t  hafnium 

c a r b i d e  w l t h  5 weight p e r c e n t  t u n g s t e n  d e v l a t e d  from p r e v l o u s  behavior. 

Frgure  7 shows d l e  displacement  v s  f l r i n g  t ime curves  f o r  100% HfC, 

75 a tomic p e r c e n t  HfC -25 a tomic p e r c e n t  C, 95 weight p e r c e n t  HfC 

-5 weight  p e r c e n t  t u n g s t e n ,  and 75 atomrc p e r c e n t  HfC -25 a tomlc 

p e r c e n t  C w i t h  5 welght p e r c e n t  t u n g s t e n  composites. The l a t t e r  com- 

p o s i t e s  do n o t  show t h e  expec ted  b e h a v i o r .  The d l e  displacement  r i s e s  

an l n s l g n i f i c a n t  amount and essentially remains l e v e l .  Th i s  i n d i c a t e s  

t h a t  d e n s i f i c a t l o n  does n o t  o c c u r .  The carbon c o n t e n t  was a d j u s t e d  t o  

1 2 . 5  atomrc p e r c e n t  and t h e  same bekdvlor  was observed ,  The d e n s i t i e s  

for t h e s e  l l s t e d  i n  Table  4 a r e  ve ry  low. The samples upon i n s p e c t i o n  

a r e  ve ry  s o f t  and powder - l ike .  

Because t h l s  phenomenon was observed l a t e  I n  t h e  q u a r t e r  no 

axplarra t ion i s  o f f e r e d  a t  t h r s  t i m e .  I n v e s t l g a t l o n  w i l l  con t inue  III an 

a t t e m p t  t o  e x p l a i n  t h e  phenomenon, b u t  i t  appears  t h a t  t h i s  t y p e  o f  

composite will n o t  be  a p p l i c a b l e .  

The hafnium c a r b i d e - g r a p h l t e  composi tes  and hafnium s a r b i d e -  

t u n g s t e n  composites do,  however, show promise .  The carbon composi t ion 

w i l l  be v a n e d  I n  5  a tomlc p e r c e n t  s t e p s  from 0  t o  25 a tomlc p e r c e n t  

c a r b o n ,  These and samples containing 95 weight p e r c e n t  HfC - 5  weight  

p e r c e n t  t u n g s t e n  w i r e  w i l l  be  t e s t e d  f o r  the rmal  shock and o x l d a t i o n  

resistance d u r r n g  t h e  nex t  q u a r t e r .  



CARBON EP'IBRITTLEPIENT OF TUKGSTEN 

The use  of t u n g s t e n  wsre a s  a colaponefit rn  a h o t  presser1 composite 

io!irainlng o t h e r  components whlch a r e  composed r n  p a r t  o r  t o t a l l y  o f  

carbon has  been found t o  be hampered by t h e  embr l t t l ement  o f  t h e  

t u n g s t e n  by carbon.  I f  t h e  t u n g s t e n  becomes e m b r l t t l e d ,  ~ t s  r o l e  

a s  an agen t  t o  impar t  improved the rmal  shock r e s i s t a n c e  t o  t h e  

composite 1s probab ly  r e t a r d e d .  

The ca rbon- tungs ten  b l n a r y  phase  dlagram (Fsgure  3) shows no 

s o l i d  s o l u b j i z t ;  of i a r b o n  sn  tai~g. , ten.  I n  t h e  tungs ten  r l c h  s s d e  

o f  ;k1 dx2gfar1~ a two phase rbgion of t u n g s t e n  and v a r r a b l e  composl t lon 

6v2C e x x s t s  i n  our  h o t  p r e s s i n g  t empera tu re  range .  On t h e  carbon r l c h  

s r d e  and r n  t h e  same temperature range ,  a  two phase  r e g l o n  o f  carbon 

and t h e  same v a n a b l e  composition W2C e x l s t s .  I f  a l lowed t o  c o o l  t o  

12LS°C on t h e  t u n g s t e n  r l c h  s l d e  o r  t o  132S°C on t h e  carbon r i c h  s l d e  

under  e q u l l s b r l u m  conditions t h e  s t a b l e  t u n g s t e n  monocarblde WC w i l l  

.c ~ o r m .  

The hardensng and e m b r l t t l e m e n t  o f  t u n g s t e n  r s  attributed t o  t h e  

d i f f u s s o n  o f  carbon I n t o  ~ n t e r s t s t l a l  s l t e s  r n  t h e  t u n g s t e n  body 

c e n t e r e d  c u b ~ c  c r y s t a l  s t r u c t u r e .  It has  been found by o t h e r s  t h a t  

chs a d d ~ t i o n  o f  3 p e r c e n t  rhenium t o  t u n g s t e n  t e n d s  t o  r e t a r d  

embrrzt lement  by r e t a r d s n g  t h e  d r f f u s s o n  of carbon I n t o  t h e  ~ n t e r -  

s t l t i a l  s l t e s .  For t h r s  reason  a  t u n g s t e n  -3% rhensum a l l o y  was 

s e l e c t e d  a s  t h e  r e f r a c t o r y  meta l  componene of t h e  composites t o  be  

developed, 

l n i t r a l  i n v e s ~ i g d r _ r o ~ ?  af th ls  ~iii.b:it 5 l ~ n g  e f f e c t h a s  been l l r i ~ r t e d  

t o  conipos~.tes o f  t u n g s t e n  -3% rhenium wire, z ~ r c o n s u m  c a r b i d e  and 

graphite, Composlzes o f  100% zrrconlum c a r b l d e  and t u n g s t e n  -3% rhensum 



, , ,,- T i e l  atomic percellr. zlrcorirum carbrdc; -28 2 atoinrc p e r c e n t  

g r a p h r t e  and t u n g s t e n  -3% rhenlum hire were h o t  p r e s s e d  l n  t h e  range  

of 2200-2300°C and 10,000 p s l  f o r  v a r l o u s  l e n g t h s  o f  t i m e ,  The r e l a t i v e  

amount o f  e m b r i t t  iement was measured by mncrohardness t e s t i n g  . 

The t u n g s t e n  -3% rhenium wl re  a s  r e c e i v e d  had a Knoop Hardness 

Number i n  t h e  1600-1700 r a n g e .  The w i r e  when h o t  p r e s s e d  i n  100 a tomic  

p e r c e n t  zirconium c a r b i d e  a t  2200°C f o r  30 mlnutes  w ~ t h  a d l e  p r e s s u r e  

o f  10,000 p s ~ .  v a r i e d  i n  Knoop Hardness Numbers o f  1600 i n  t h e  c e n t e r  

of t h e  wi re  t o  approxlmately  2400 n e a r  t h e  o u t s l d e  o f  t h e  w l r e .  F ree  

energy d a t a  f o r  z l rconlum c a r b l d e  and t u n g s t e n  c a r b i d e  does n o t  p r e d i c t  

the r e a c t l o n  
Z r C  + W Zr + WC 

Z r C  + 2W Zr + W2C 

because  Z r C  1 s  t h e  more thermodyna~rilcally s t a b l e  of t h e  t h r e e  carbides. 

The b l n a r y  phase dlagrams f o r  z l rconlum and carbon (F lgure  4) does 

however show a v a r i a b l e  c o m p o s ~ t i o n  f o r  Z r C  whlch would a l low t h e  

r e l e a s e  o f  approxlmately  5 a tomic p e r c e n t  carbon I n  t h e  h o t  p r e s s l n g  

t empera tu re  range o f  2200-2300°C. Fur thermore,  t h e  a n a l y s i s  o f  t h e  

zrrconlum earbI.de l i s t e d  i n  Table  l shows 580 p a s t s  p e r  m i l l l o n  f r e e  

czrban Ln t h e  b u l k .  T h i s ,  however, 1s 2 relatively smal l  amount and 

i s  probab ly  l n s u f f l c l e n t  t o  cause  t h e  observed behavior. The fo rmat ion  

o f  t u n g s t e n  c a r b i d e  may t h e n  proceed by e i t h e r  o f  t h e  two f o l l o w i n g  

r o u t e s  : 
ZrC + Zrl-,C + XC 



! ; LL , :  & r . 2  i In  mlnd, an examlnatson o f  Figure I ( ~ 1 - 1 1 ~ 1 :  S ~ ~ I I ~ S  a t u n g s t e n  

-3% rhenrum w;re h o t  p r e s s e d  I n  100 a tonnc  p e r c e n t  zlrconlum c a r b l d e )  

r e v e a l s  a f i n e  g r a l n e d  s h e l l  around t h e  t u n g s t e n  w l r e ,  Tlus  s h e l l  1s 

probably W2C a n d l o r  WC which was found by t h e  f r e e  carbon which d l f f u s e d  

l n t o  t h e  o u t e r  p o r t l o n  o f  t h e  w l r e .  The Knoop Hardness number o f  t h l s  

s h e l l  1s approxlmately  3 ,500.  

Th ls  b e h a v l o r  can e x p l a l n  t h e  h l g h e r  ha rdness  n e a r  t h e  s u r f a c e  o f  

t h e  w i r e .  I t  should be no ted  t h a t  t h e  bond between t h e  s h e e l  and t h e  

wr re  appears  t o  be tenacrous  and t h a t  t h e  f l n e  g r a l n s  mesh c l o s e l y  

w t h  t h e  l a  g e r  g z a l n -  of t h e  mat r sx  Thl  arrangement 3 ,  d e s i r a b l e  

l f  t h e  t u n g s t e n  w l r e s  a r e  t o  s t r e n g t h e n  t h e  m a t r l x  and i r r~par t  I n c r e a s e d  

thermal  shock resistance. 

Frgure  2 shows a t u n g s t e n  -3% rhenrum wl re  h o t  p r e s s e d  I n  a 71.2  

atolluc p e r c e n t  zrrconlum c a r b l d e  - 2 8 . 8  a tomlc p e r c e n t  g r a p h ~ t e  m a t r l x  

whreh was h o t  p r e s s e d  a t  22003C f o r  30 minutes  wl th  a d l e  p r e s s u r e  

o f  10,000 p s l .  The s h e l l  may a g a l n  be  n o t e d  and l n  t h l s  I n s t a n c e  ~t 

comple te ly  su r rounds  t h e  w l r e .  The a d d l t r o n  of 28.8 aeomlc p e r c e n t  

g r a p h i t e  r a l s e d  t h e  ha rdness  i n  t h e  c e n t e r  o f  t h e  wl re  from a Knoop 

Hardness Number of 2000 t o  approxlmately  7500 on t h e  o u t s l d e .  T h l s  

I n c r e a s e  l n  ha rdness  1s of  course  due L O  t h e  l n c r e a s e  I n  t h e  amount 

of: available carbon .  The Knoop h a r d n e s s  number o f  t h e  s h e l l  1 s  

a g a l n  3 ,500 ,  

The cornpositron 7 1 . 2  a tomlc p e r c e n t  zlrconruin c a r b l d e  - 2 8 . 8  a tomlc 

p e r c e n t  g r a p h l t e  3s a e u t e c t l c  composltron and l e p r e s e n t s  an upper  

boundary carbon composr-tron f o r  the composite.; t o  be developed,  

Because t h e  l e n g t h  of trmc a t  "cemperati~re i s  deterrnrned by t h e  

r a t e  of  d e n s r f l c a t l o n  a s  discussed p r e v i o u s l y ,  30 m ~ n u t e s  a t  t empera tu re  



_i, ue a Lorier time ' L ~ I ~ : I  f o r  good d e n ~ ~ f l c n ~ l o f i .  ? j i i b  

leizgtli of tjme 1 s  adequa te  f o r  t h e  above p r o c e s s e s  t o  o c c u r .  Longer 

i ~ i i g " i ~ s  of t lme  do not  appear t o  h l t e r  t h e  p r o p e r t i e s  o f  t h e  t u n g s t e n  

a z  t h e  ~ n t e r f a c e  between t h e  t u n g > t e n  and t h e  m a t r i x .  Therrnal shock 

t e s r l n g  t o  be performed I n  t h e  nex t  q u a r t e r  of t h e  researc .1~ p e r l o d  

of c o m p o s i t ~ o n s  between 0  and 2 8 . 2  atornlc p e r c e n t  graphli te and 100 

and 7 1 . 2  aromrc p e r c e n t  Z r C  shou ld  r e v e a l  t h e  most desirable 

composl t lons  from t h i s  standpoint, 

S r n ~ s l a r  behavror  1s expec"Ltd iif h a f n ~ u m  c a ~ b ~  d e - g r a p h l r e - t u n g s t e n  

cornposites because  of t h e  s lms ia i - r ty  between hafnlum c a r b i d e  and 

zrcconium c a r b ~ d e ,  The b e h a v i o r  wili be c h a r a c t e r r z e d  I n  t h e  n e x t  

quazrerly p r o g r e s s  r e p o r t .  



Table 1 

Chemscal. .Analysis of Raw btex~al-ZrC 

Analvsls in PPM 



Chemlcal Analysas of Raw Marerlal-HfC 

Analvsis In PPM 

A 1 
B 
C 
Cb 
C d 
Co 
Cr 
C u 
F e 
i'fg 
Mn 
blo 
N 
Nl 
0 
Pb 
SI 
Sn 
T a 
Ti. 
v 
6V 
Z r 



T a b l e  3 

Z r C  and ZrC Composite Data 

1950°C 3 0 6-  10 100% ZrC 

2150°C 30 - 9 0 6 . 2 2 - 6 . 2 7  
100% ZrC 

2200°C 4 0 6 . 4 5  100% Z r C  

2250°C 3 0 6 , 5 1  100% ZrC 

71.2% Z r C  
2 8 . 8 %  C 
with 5 wt.pct. 

t u n g s t e n  



HfC and HfC Based Composite Data 

Composltlon Firing Flrlng Denslty 
(atomlc %) Temperature Tlme (gr/ cm3) 

( "c)  (Mln . ) 

100% HfC 2200°C 45 11.70 

75% HfC 
25% C 

75% HfC All samples 
25% C 2000-2375°C 30-980 too porous 
wlth 5 w'c "pet. to measure 

turigs t en density 



Fig. 1. Photomicrograph showing Fig.  2 .  Photomicrograph showing 
ZrC-W composite with a p a r t i a l  ZrC-C-W composite with a complete 
r eac t ion  zone between Z r C  and r e a c t i o n  zone between Z r C - C  mat r ix  
tungsten a f t e r  ho t  press ing .  and tungsten a f t e r  ho t  p re s s ing .  
150X 150X 



ktornlc Percent Carbon 

.- , r I gure 3 .  Cjrbo; Tungb it11 Uliarj- hnse Dlagram. (AfLer 
n *  ? .  ElLlott, Gonst~tut~o.~ of Binary  Alloys) 

L C I - - - - - - - - I - - - - - - " - -  a- 



Atomlc Percent Carbon 

Figure 4 .  S;rbo~;- Z1rconiui.i 5 ~ ; i a r y  Phase Dlagram 
(After R. P. E l l l o L t ,  Const~tutlon of ---- 
Elr ia rv  Alloys? 



F l r ~ n g  Temperature ( ' C )  

F i g u r e  5 Dens i ty  v s  F i r l n g  Temperature f o r  100% Z r C  





(apdmes 
x8 

O
T

/U
T

 10
0

*
0

) ~
u

a
tu

a
~

~
1

d
s

r
a

 
a

ra
 


